We report a case of compartment syndrome complicating malignant hyperthermia (MH) in a previously healthy patient. An intraoperative MH crisis responded to treatment with intravenous dantrolene. The patient subsequently developed a lower limb compartment syndrome which required fasciotomy.
Malignant hyperthermia (MH) is a disorder of skeletal muscle metabolism that may be triggered in susceptible individuals by the volatile general anaesthetic agents and the depolarizing muscle relaxant suxamethonium. The clinical manifestations include muscle rigidity, hypercarbia, tachycardia and hyperthermia.
Compartment syndrome is characterized by an increased tissue hydrostatic pressure within a closed fascial space. The raised pressure can result in subsequent compression of blood vessels and nerves 1 . The rhabdomyolysis that occurs as part of the MH process may predispose to the development of a compartment syndrome.
There have been only three reported cases of compartment syndrome complicating MH, and one of these patients had an underlying myopathy [2] [3] [4] . We describe a case of MH which subsequently resulted in a compartment syndrome of the lower leg.
CASE HISTORY
A 16-year-old male weighing 90 kg sustained a compound supracondylar fracture of his left humerus after falling from a skateboard.
Three years previously he had undergone uneventful general anaesthesia for a scrotal procedure. No anaesthetic record was available. He was otherwise healthy and there was no family history of an adverse reaction to anaesthesia.
An open reduction and internal fixation of his elbow was planned. No premedication was administered. After preoxygenation, induction of anaesthesia was uneventful using fentanyl 1 µg/kg, droperidol 1 mg and thiopentone 4 mg/kg. Endotracheal intubation was facilitated with rocuronium 0.6 mg/kg. Anaesthesia was maintained with 60% nitrous oxide and 1 to 2% isoflurane in oxygen via a circle system. The patient also received morphine 10 mg intravenously. Monitoring consisted of pulse oximetry, ECG, capnography, non-invasive blood pressure and vapour analysis. Vital signs were initially stable with an oxygen saturation of 99%, heart rate 90 beats min -1 , blood pressure 100/60 mmHg. Surgery was commenced under upper arm tourniquet inflated to 250 mmHg.
Forty-five minutes after commencing the procedure the heart rate increased to 110 beat.min -1 so a bolus of fentanyl 1 µg/kg was administered and the isoflurane concentration increased. Fifteen minutes later the end-tidal carbon dioxide concentration increased from 5.6 kPa (43 mmHg) to 7.8 kPa (59 mmHg). The heart rate remained elevated at 110 beats.min -1 . At this time the soda lime was changed since visual signs of rapid exhaustion were noted. The indicator in the new canister also began to discolour instantaneously.
Concomitantly with the soda lime being changed, the heart rate increased rapidly to 140 beats. min -1 and the end-tidal carbon dioxide concentration increased further to 12.5 kPa (95 mmHg). The presumptive diagnosis of MH was made and surgery abandoned. This was 20 minutes after the initial tachycardia and five minutes after the rise in endtidal carbon dioxide concentration.
The isoflurane and nitrous oxide were discontinued and the patient ventilated with 100% oxygen. A nasopharyngeal temperature probe was inserted and an initial temperature of 39.3°C recorded. This increased during the crisis to peak at 42.8°C. Dantrolene 2.5 mg.kg -1 was administered intravenously. Cooling was commenced with surface ice and cold intravenous fluids. Severe hypotension (blood pressure 45/25 mmHg) was treated with an adrenaline infusion (0.3 µg/kg/min). Arterial blood gas measurements 30 minutes after the event showed a severe combined metabolic and respiratory acidosis (pH 7.06, P a CO 2 8.6 kPa (65 mmHg), HCO 3 -18 mmol/l, P a O 2 36kPa (274 mmHg), base excess -9 mmol/l.) An elevated potassium concentration of 6.2 mmol/l was treated with insulin and dextrose.
Vital signs all returned to normal over a two-hour period and inotropes were discontinued. Anaesthesia was maintained with a propofol infusion and the ventilated patient transferred to the intensive care unit.
Laboratory investigations revealed a serum creatine kinase of 950 U/l with a peak concentration of 18,000 U/l after 24 hours. Other laboratory values were within normal limits. A urinary myoglobin concentration was normal at 9 mg/l. Additional dantrolene was required over the next 24 hours in response to further increases in temperature. Eighteen hours after the initial MH crisis, surgery was completed under total intravenous anaesthesia and following this the patient's trachea was extubated.
Thirty hours after the initial MH crisis the patient complained of tenderness and swelling in his left calf, which was exacerbated by passive dorsiflexion. Peripheral sensation and perfusion were noted to be normal initially although later some numbness of the left foot was noted. A diagnosis of compartment syndrome was made and a four-compartment fasciotomy of his left lower leg was urgently performed. Both surgery and anaesthesia were uneventful and a subsequent full recovery was made.
In vitro contracture testing of the patient has demonstrated strongly positive MH susceptibility.
DISCUSSION
Rhabdomyolysis is a feature of MH and results from the prolonged contracture and alteration in cellular function in triggered skeletal muscle. Intracellular contents are released into the extracellular fluid. Increase in capillary permeability within the muscle leads to localized oedema formation within the interstitial space 5 . Compartment syndrome can result when the oedema formation occurs within a closed fascial space, as the limited capacity for expansion results in an increased hydrostatic pressure within the muscle compartment. When this pressure exceeds capillary perfusion pressure further tissue hypoxia and damage may occur causing even more rhabdomyolysis unless treated.
The raised serum creatine kinase suggests a significant degree of muscle damage did occur in our patient although urinary myoglobin levels were not elevated.
The causes of compartment syndrome are numerous and include fractures, burns, infection, soft tissue damage, prolonged external pressure during surgery and haematoma formation 6 .
Neuroleptic malignant syndrome (NMS) has been reported to cause compartment syndrome 7 . NMS is an idiosyncratic reaction to drugs including the butyrophenones and phenothiazines and has many characteristics similar to MH. Our patient received 1 mg droperidol as a prophylactic antiemetic although the clinical course of events makes a diagnosis of MH more likely than NMS.
The diagnosis of compartment syndrome is usually a clinical one based on the findings of pain, swelling and neurological deficit. Sensory deficit usually precedes motor and is distal to the affected compartment. Pain is exacerbated by stretch of the affected muscles. Pulses usually remain palpable distal to the compartment because the systolic arterial pressure is still much greater than the (raised) pressure within the compartment. Direct measurement of compartment pressure may be performed to aid diagnosis and is advocated by some clinicians 8, 9 . The normal muscle interstitial pressure is about 5mmHg and in compartment syndrome it may be raised to 40 to 60mmHg 1 .
Elevation of the affected limb is controversial as it may exacerbate the condition 8 . If compartment tissue pressure is greater than venous pressure, venous pressure will not determine flow. Elevation will therefore not be helpful and as it reduces the compartment mean arterial pressure, it may actually be detrimental to perfusion pressure.
In established compartment syndrome, fasciotomy of the affected compartments releases the pressure within the enclosed sheaths and restores perfusion. Closure may be performed at a later date when swelling has subsided.
Our report highlights the link between MH, rhabdomyolysis and compartment syndrome and an awareness of such a link may help in the diagnosis and prompt treatment of this complication of MH.
